An increase in plasma ovalbumin concentrations after intragastric administration of ovalbumin was suppressed by concomitant freeze-dried kefir in BALB/c mice. Serum levels of ovalbumin-specific immunoglobulin G and proliferation of splenic mononuclear cells in mice immunized orally with ovalbumin were suppressed by feeding freeze-dried kefir. We propose that kefir reduces intestinal permeation of food antigen, which contributes to suppression of oral sensitization.
The gastrointestinal tract constitutes the largest interface between animals and their external environment. As a barrier, it prevents the penetration of harmful entities such as food antigens. Hyperpermeability of this barrier is believed to contribute to the pathogenesis of several gastrointestinal disorders, including food allergy. Therefore it is rational to strengthen the barrier function and to inhibit the penetration of food antigens in the gastrointestinal tract for prevention of food allergy. With these considerations in mind, we have been pursuing studies involving the impact of food substances on the intestinal barrier to inhibit permeation of food antigens. [1] [2] [3] [4] Kefir is a beverage made from milk fermented with a complex mixture of lactobacilli, lactococci, leuconostocs, and yeasts. Because consumption of yogurt and lactic acid bacteria (i.e., probiotics) has been reported to improve or prevent allergic symptoms, [5] [6] [7] [8] [9] [10] kefir was expected to have a similar impact on allergy. The present study aimed to examine whether consumption of kefir affects the intestinal penetration of and oral sensitization to food antigens. Reduced sensitization to food antigen should result in prevention of food allergy.
In this study, kefir was prepared by the Research Center of Yotsuba Milk Products Co., Ltd., as follows: Kefir grain was maintained by subculture in reconstituted skim milk. The propagated-kefir grain was strained with chicken wire, and the filtrate was then used as a starter. Kefir was prepared by the addition of approximately 1% (w/v) of the starter to the reconstituted milk (3% (w/v) of fat and 9.5% (w/v) of solid-non-fat), cultivated at 22 C overnight, and then cooled and matured at 5 C. The resultant kefir was freeze-dried and subjected to animal experiments. Six-week-old female BALB/c mice were purchased from Japan Charles River (Yokohama, Japan). They were maintained in a temperature-controlled (23 AE 2 C) room with a dark period from 19:00 to 5:00 h, and acclimatized with free access to tap water and a purified diet prepared according to AIN-93G.
11) After 1 week of acclimatization, the mice were deprived of food for 12 h and then intragastrically administered either 0.3 ml of PBS containing 20 mg of ovalbumin (OVA, Grade V, Sigma, MO, U.S.A.) or the same solution supplemented with 5 mg of freeze-dried kefir. Blood samples were collected from the tail vein at 0, 30, 60, 120, and 180 min after feeding, and the plasma OVA concentration was measured by sandwich ELISA, as previously described. 1) In a separate experiment, 5-week-old female BALB/c mice were purchased from Japan Charles River and maintained as described above. After 1 week of acclimatization, the mice were fed either the AIN-93G diet as a control diet or that diet supplemented with freeze-dried kefir (50 g/kg diet) for 7 weeks, and 0.2 ml of PBS containing 0.1 mg of OVA was intragastrically administered to all animals every day. Blood samples were obtained from the tail vein at weekly intervals and put through ELISA for measurement of OVA-specific immunoglobulin G (IgG) concentration, as previously described. 12) On the last day of the experiment, the mice were euthanized, and splenic mononuclear cells were isolated using NycoPrep (AxisShield, Oslo, Norway) according to the suggested protocol, and subjected to proliferation assay. The cells were cultured with specific antigen (100 or 1,000 mg/ml OVA) or mitogen (10 mg/ml phytohemagglutinin-P, y To whom correspondence should be addressed. Fax: +81-11-706-2496; E-mail: ksnym@chem.agr.hokudai.ac.jp Abbreviations: BrdU, bromodeoxyuridine; IgG, immunoglobulin G; OVA, ovalbumin; PHA-P, phytohemagglutinin-P
Note PHA-P) for 72 h in flat-bottom 96-well plates at 1 Â 10 5 cells/well in RPMI1640 supplemented with 10% heat-inactivated fetal calf serum, 100 U/ml penicillin, 100 mg/ml streptomycin, 50 mg/ml gentamycin, and 50 mM 2-mercaptoethanol. The cultures were pulsed with bromodeoxyuridine (BrdU) 72 h later and harvested 6 h after that. Incorporated BrdU was measured using Cell Proliferation ELISA BrdU (Roche Diagnostics, Tokyo, Japan) according to the suggested protocol. An unpaired t-test was used to compare mean values. The animal experiments in this study were approved by the Hokkaido University Animal Use Committee, and the animals were maintained in accordance with the guidelines for the care and use of laboratory animals at Hokkaido University.
The plasma concentration of OVA in the mice was highest 30 min after administering OVA, and decreased thereafter (Fig. 1) . The levels at 30 min were significantly lower in mice administered freeze-dried kefir together with OVA than in those administered OVA alone, suggesting suppression of intestinal penetration of OVA by kefir. Although further experiments are needed to identify the constituent responsible for the suppression of OVA penetration, one of the candidates is kefiran, an extracellular polysaccharide produced by Lactobacillus kefiranofaciens in kefir grain. 13) Kefiran has physicochemical properties such as water solubility, viscosity, and considerable resistance to enzymatic hydrolysis which resemble those of water-soluble dietary fiber. Since viscous-producing water-soluble dietary fiber reportedly slows absorption of dietary components such as glucose and cholesterol through hampering diffusion of the components in the intestine, 14) suppression of OVA penetration in the intestine by kefir might be mediated similarly by the viscous-producing property of kefiran. In fact, it has been reported that plasma concentrations of cholesterol and triglyceride were lowered by the consumption of kefiran in rats fed a cholesterol-enriched high fat diet, 15) and these results suggest that dietary kefiran suppresses lipid absorption in the small intestine. We are now investigating the effect of concomitant kefiran on OVA penetration in the intestinal loop of anesthetized mice. In addition, work is in progress to examine whether dietary kefir facilitates degradation of OVA, secretion of immunoglobulin A eliminating OVA, and/or the nonspecific mucosal barriers including mucus secretion in the intestine.
An obvious increase in anti-OVA IgG was observed 2 weeks after starting OVA administration in mice, and the levels were consistently lower in mice fed the kefir diet than those fed the control diet ( Fig. 2A) . Additionally, OVA-stimulated proliferations of splenic mononuclear cells ex vivo were significantly lower in mice fed the kefir diet than in those fed the control diet, while mitogen-stimulated proliferations were the same between the groups (Fig. 2B) . These data suggest that oral sensitization to OVA was suppressed by dietary kefir in mice. Clearly, reduced penetration of antigen in the gastrointestinal tract can contribute to suppression of sensitization to the antigen. Therefore suppression of oral sensitization to OVA by dietary kefir would be at least partly mediated by the reduced intestinal penetration of the antigen observed in the present study. In addition, live active bacteria in kefir may participate in the suppression of oral sensitization. Because it has become accepted that commensal bacteria in the intestine are important in oral tolerance induction, 16) it is conceivable that lactic acid bacteria in kefir might be involved in the suppression of oral sensitization by inducing oral tolerance. In fact, the freeze-dried kefir used in the present study contained 1:4 Â 10 7 cfu/g of lactic acid bacteria.
Taken together, the present findings suggest that freeze-dried kefir reduces intestinal permeation of food antigen, which contributes to suppression of oral sensitization. Therefore we propose that kefir is of use to prevent food allergy.
